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AUTOMATIC BRIGHTNESS CONTROL FOR DISPLAYS 

Background 

This invention relates to devices with displays and, more particularly, to 
control of display brightness. 

Devices which include displays come in a variety of packages. Notebook 
computers, personal digital assistants, cellular phones, hand-held computers, 
camcorders, and cameras are but a few of the devices which may include 
displays. 

Particularly for mobile products, a user may potentially view the display in 
a broad range of environmental, or ambient, illumination conditions. Since the 
eyes adapt to the ambient luminance, a change in the environment may result in 
the display no longer being readable. For example, some mobile products use a 
liquid crystal display (LCD) that is readily visible in bright ambient lighting 
conditions, but operates using a backlight for dim surroundings. 

The inability to see the display may present problems for the user. For 
example, there may be environments where the display is too bright to view 
comfortably as well as environments where the user is unable to see any display 
information. In the latter situation, the user may conclude that the product is 
non-functional. Further, since the ability to perceive color and contrast are a 
function of luminance, the failure to maintain display brightness may cause 
display information to be unperceivable. 

A common technique is to provide the viewer with a manual control to 
adjust the display brightness. For some mobile products, such as notebook 
computers, having a manual adjustment may be adequate. For other products, 



such as personal digital assistants (PDAs), adjusting the display brightness may 
become problematic, as the PDA may be moved frequently from place to place. 

Other devices, such as some of the newer portable web browsers, use 
microdisplays with magnifying optics. These devices generally require the user 
to look into an eye piece. Because ambient light is not illuminating the display 
surface, these devices must be luminous in order to be seen. 

For all of these devices, an automatic brightness adjustment would make 
the devices easier to use. Thus, a need exists for a way to automatically adjust 
the brightness of displays. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a system including a display according to 
one embodiment of the invention; 

Figure 2 is a diagram of a circuit for ambient light assessment according 
to one embodiment of the invention; 

Figure 3 is a block diagram of a system with an imager according to one 
embodiment of the invention; 

Figure 4 is a graph of the display brightness vs. ambient luminance of a 
display according to one embodiment of the invention; 

Figure 5 is a graph of the display brightness vs. ambient luminance of a 
display according to a second embodiment of the invention; and 

Figure 6 is a flow diagram of display brightness adjustment according to 
one embodiment of the invention. 

Detailed Description 
Brightness is commonly defined as the magnitude of the visual sensation 
produced by light. Luminance is the magnitude of the light. Thus, according to 
one embodiment of the invention, the brightness setting for a display may be 



modified by first assessing the ambient luminance level and then using this 
assessment to select an appropriate display brightness setting. 

In Figure 1, a system 100, such as a mobile information or communication 
device, includes a display 106. This display may be one of a variety of displays, 
such as a liquid crystal display (LCD), a plasma display, a backlit LCD, an organic 
light-emitting diode (OLED), to name a few. 

In one embodiment of the invention, the system 100 includes an ambient 
light assessment block 102. The ambient light assessment block 102 may 
receive and quantify luminance information. The system 100 further includes a 
display brightness driver 200, which accepts the luminance information from the 
ambient light assessment block 102 in order to adjust the brightness of the 
display 106. The display brightness driver 200 may be implemented using 
hardware, software, or a combination of hardware and software. 

In one embodiment of the invention, the system 100 includes a look-up 
table 108 in the display brightness driver 200. The look-up table 108 may be 
implemented in a storage device that stores values representing ambient 
luminance and corresponding values for setting the display brightness. These 
values may be predetermined as optimal values for a specific display's output 
over a given range of light levels. 

It is not unusual for digitally interfaced display devices to use a look-up 
table to store drive values. Display systems typically have calibration issues, 
e.g., operational thresholds and characteristic curves, which are accommodated 
when changing the brightness of the display. The LUT for each display system 
may thus include the display calibration information. 

The calibration operation is typically a final stage in the manufacture and 
test for a display. The results of the calibration test may then be stored in the 
LUT for the display. The LUT may thus include calibrated pairs of target output 




brightness and the respective drive signal level used to achieve the target output 
brightness. 

The LUT entry is commonly selected by receiving a user request to 
increase or decrease the brightness, such as from +/- brightness buttons on a 
5 television remote control or a menu and thumbwheel command from a cell 
phone. Rather than rely on user control, according to the embodiments 
described herein, the display brightness operation is automated, based upon the 
ambient light measured, to determine which entry in the LUT to select. 

In one embodiment of the invention, the system 100 is a processor-based 
10 system. The display brightness driver 200 may thus include software which is 

pi 

rp; executable by the processor (not shown). The display brightness driver 200 may 

W receive display brightness information from the look-up table 108, for example, 

up for use in setting the brightness of the display 106. 

|y The ambient light assessment block 102 may comprise circuitry for 

^ is quantifying incoming light. For example, in the embodiment of Figure 2, an 
P ambient light assessment block 102a comprises a light meter circuit 110 and an 

fl analog-to-digital converter 120. Such light meter circuits are very well-known in 

|J the art. The light meter circuit 110 receives incident light and quantifies the 

P incoming energy as a voltage 116. The analog-to-digital converter 120 converts 

20 the voltage 116 to a digital value 122. The digital value 122 may then be sent to 
the display brightness driver 200, for setting the brightness of the display 106. 

The light meter circuit 110 comprises a photopic photocell 114, a diode 
118, an op amp 112, and a resistor 124. Because the diode 114 receives 
incident light, with no voltage bias across the p-n junction, a photo current, Im, 
25 thus flows from the diode 114 proportional to the received incident light. 

To understand how the light meter circuit 110 operates, assume the op 
amp 112 is an ideal op amp. Op amps are extremely high gain circuits. The 
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voltage difference between the inverting (-) and the non-inverting (+) inputs of 
the op amp 112 is very close to zero. The non-inverting input (+) of the op amp 
112 is connected to ground. Accordingly, the voltage of the inverting input (-) is 
close to ground as well. 

Since the voltage of the inverting input is close to zero, the current, In 4 , 
flowing from the photodiode 114 is close to being equal to a current, In 8 , flowing 
from the diode 118, applying well-known circuit equation rules. 

Since the voltage across a diode is approximately the logarithm of the 
current through the diode, the voltage 116 is approximately the logarithm of the 
current, Ins, and, therefore, the current, Iu 4 . Thus, the light meter circuit 110 
produces a voltage 116 which is a logarithm proportional to the incoming light 
intensity. 

The resistor 124 is coupled to the photodiode 114. This feedback of the 
light meter circuit 110 controls the impedance of the output voltage 116. By 
having a circuit 110 which produces a logarithmic output, a much broader range 
of intensity may be measured than would be possible using a linear circuit. 

Returning to Figure 1, in one embodiment of the invention, the look-up 
table 108 contains the display brightness driver control settings that have been 
optimally predefined for the range of light levels. Once a light level, as 
measured by the light meter circuit 110 of Figure 2, for example, is matched to 
the nearest index reference value of the look-up table 108, the table entry may 
be read as the new brightness for the display 106. 

For some products, the ambient light assessment block 102 may use 
circuitry which i s already available for other purposes. For example, for image 
capture devices such as charged coupled device (CCD) cameras or 
complementary metal oxide semiconductor (CMOS) imagers, circuitry which 



adjusts exposure settings, for example, may be used to assess ambient 
luminance levels. 

For example, an imaging device may include a plurality of photocells, 
arranged as an array of sensors. The sensors accumulate energy from the' 
incident light. At the end of an integration interval the sensors produce an 
indication of the accumulated energy, such as an analog voltage value. The 
accumulated energy is also the intensity of the light received by each sensor. 

These imagers are designed to take good pictures. The best pictures are 
usually taken after the exposure parameters have been adjusted according to the 
amount of light in the scene being shot. If the accumulated energy of one or 
more sensors is too high (e.g., is over-exposed), the integration time may be 
decreased. Likewise, for sensors which are under-exposed, the integration time 
/ may be increased. This process may be repeated as needed. Once an 
appropriate integration time is determined, the imaging device may take a good 
picture. 

The ambient luminance may also be evaluated once the integration time 
has been realized. The relationship between luminance and integration time is 
shown by the following formula: 

L= KA 2 /(TS) 

where the luminance, L, is in candelas per square meter (cd/m 2 ), K is a constant, 
A is the aperture of the taking lens in meters, T is the integration time of the 
imager in seconds (sec), and S is the effective ISO speed as defined by the 
International Standards Organization (ISO). Since K, A, and S are typically 
constant for a given device, the equation shows that luminance is inversely 
related to the integration time. 

Turning to Figure 3, in a second embodiment of the invention, an ambient 
light assessment block 102b may comprise an imager 150, for receiving ambient 




light as well as a control block 154, for calculating the integration time. In Figure 
3, the ambient light assessment block 102b may be part of a digital camera, for 
example. The ambient light assessment block 102b thus uses circuitry already 
adapted to performing exposure adjustment, as described above. 

The imager 150 may electrically capture an optical image (not shown). 
The imager 150 includes an array of photon sensing sensors 152. During an 
integration time, each sensor 152 typically measures the intensity of a portion of 
a representation of the optical image that is focused onto the imager 150. At the 
end of the integration time, as described above, the energy accumulated onto 
the sensor 152 is sent to the control unit 154 as a discrete value, such as an 
analog voltage. 

The control unit 154 may adjust the integration time for the sensors 152 
such that the imager 150 is set to the proper exposure. In one embodiment of 
the invention, the control unit 154 sends an integration time value 156 to the 
display brightness driver 200 (Figure 1). In the display brightness driver 200, for 
example, software may include the above formula to derive the ambient 
luminance, based upon the integration time value 156 received from the control 
unit 154. 

The display brightness driver 200 may use the calculated ambient 
luminance value as an index into the look-up table 108, which may, in turn, 
provide a corresponding display brightness value. Using this value, the display 
brightness driver 200 may adjust the brightness of the display 106. In this 
manner, the circuitry used to adjust the exposure of the device may also be 
exploited to adjust the brightness of the display 106. 

The look-up table 108 provides a translation between the ambient 
luminance level and the desired display brightness. In one embodiment of the 
invention, the look-up table values are derived based upon two eye adaptation 



processes which take place. First, direct adaptation is the slow sensitivity 
adjustment of the eye to the average luminance of whatever is being intently 
viewed. Second, lateral adaptation is a faster process in which the eye reacts to 
the average luminance of the environment. 

If the display 106 of the system 100, for example, is adjusted according to 
the ambient luminance at all times, then the average luminance of whatever is 
being viewed (the display 106) and the average luminance of the environment 
will be the same. In other words, there will be no conflict between the direct 
and lateral adaptations for the viewing eye. This enables the viewer to 
immediately perceive information on the display 106 without experiencing a 
delay for adaptation. 

Likewise, once the viewer stops looking at the display, the ability to 
quickly see objects external to the display is preserved. Thus, any safety issues 
due to re-adaptation, such as temporary visual impairment, may be avoided. 

In one embodiment of the invention, a perceived brightness value may be 
calculated such that conflicts between direct and lateral adaptations of the 
viewer's eye are avoided. Using different ambient luminance values, the 
perceived brightness may be calculated, providing entries for the look-up table 
108. The relationship for perceived brightness versus scene luminance is: 

B = AL 1/3 - S 

where A = 100/(Uvg 1/3 + K) and S = 100(ISiAjLi 1/3 ). 
B is the perceived brightness in LUX, A is the direct adaptation effect, L, L, and 
l_avg are environmental luminances in cd/m 2 , K is 3.6, and S is the lateral 
adaptation effect made up of the sum of weighted adaptations to spot 
luminances in proportion to their angular displacement from the axis of vision. 

In one embodiment of the invention, the data in the look-up table 108 
may also be customized for the type of display being driven. For example, a 
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direct view LCD with the latest light steering films, is readily visible without 
backlighting at many everyday light levels. Such a display may be found on a 
cellular phone or personal digital assistant (PDA), for example. Using a direct 
view LCD in daytime, outdoor and general indoor conditions, the display 
backlight may thus remain in an off state. When the ambient illumination is low 
enough for the eye to move from the photopic, or bright light vision, to the 
scotopic, or dim light vision, the display backlight may be turned on. 

Recall that, to control the brightness of the display 106, the look-up table 
108 acts as a translator between ambient luminance and desired display 
brightness for that ambient luminance. Accordingly, in one embodiment of the 
invention, the look-up table 108 comprises a set of entries for ambient 
luminance, and corresponding entries for display brightness. When the ambient 
light assessment block 102, for example, uses an ambient luminance value as an 
index into the table 108, a desired display brightness may be received. 

In Figure 4, a graph of backlight brightness versus ambient luminance for 
a hypothetical direct view LCD is plotted. Using the graph, appropriate values for 
the look-up table 108 may be derived for such a direct view LCD display. For 
example, in very low light ambients, a display brightness of k LUX may be 
sufficient to readily view the display. Thus, entries in the look-up table 108 
which are referenced in low light environments may include the value k. 

Entries in the look-up table 108 which are referenced in moderate light 
environments may likewise include the value k, that is, until the ambient 
luminance reaches j cd/m 2 , as shown in Figure 4. At this point, the display 
brightness, and thus the entries in the look-up table 108, may be increased in 
value in proportion to the ambient luminance. Once the ambient luminance 
reaches x cd/m 2 , however, the display brightness may be turned off. This is 
possible because the display has become readable without the assistance of the 



backlight. Likewise, beyond x cd/m 2 , entries in the look-up table 108 
corresponding to bright light environments, according to the graph of Figure 4, 
are zero, meaning that the backlight is off, for the hypothetical direct view LCD 
display. 

Another type of display for which brightness may be controlled 
automatically is a microdisplay. A variety of microdisplays are available, from 
frontlit LCD on silicon, to backlit transmissive LCDs and organic LEDs, to name a 
few. Microdisplays may be found in the active view finder of a camcorder or 
digital camera, for example. 

Microdisplay systems are typically emissive; that is, they emit light, in 
order to be viewable in any brightness setting. As the brightness of the 
environment decreases, the brightness of the display is proportionally reduced 
for viewing. In a very dark environment, a minimum brightness level may afford 
comfortable viewing. 

Microdisplays are often mounted in an eye cup in order to exclude 
external light. Thus, the brightness of the environment should not affect the 
ability to see the microdisplay. However, the eyes of the viewer automatically 
adjust when moving from the eye cup to the external environment, and vice 
versa. Thus, despite the exclusion of external light upon the microdisplay, 
adjusting the display brightness based upon the ambient lighting may be 
beneficial for the viewing the microdisplay. 

In Figure 5, a graph showing a relationship between the display 
brightness and the ambient luminance for a hypothetical microdisplay is plotted. 
For low ambient luminance levels, a minimum but non-zero display brightness 
permits viewing of the microdisplay. Once the ambient luminance reaches j 
cd/m 2 , however, the display brightness also increases, in a somewhat linear 
fashion. 
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An automatic brightness adjustment, particularly for mobile 
telecommunications and/or information devices, may yield several benefits. In 
one embodiment of the invention, the automatic setting of display brightness 
makes a product easier to use, as viewers may avoid making manual brightness 
adjustments, as they move from location to location, just to properly view the 
display information. In a second embodiment of the invention, the automatic 
setting of display brightness manages battery energy. This ensures the energy is 
expended on display illumination only when and in the amount necessary. 
Where an automatic display brightness feature is found, the viewer may be able 
to see the display and thus be confident that the product is functioning properly. 

In Figure 6, a flow diagram illustrates the operation of the display 
brightness driver 200 of Figure 1, according to one embodiment of the invention. 
The system 100 receives ambient light, quantifies the information received, and 
digitizes the information as a discrete value, such that the display brightness 
driver 200 may interpret the data (block 202). The discrete value may, for 
example, be used as an index into the look-up table 108 (block 204). In the 
look-up table 108, a display brightness adjustment value associated with the 
index value, is determined (block 206). Using the display brightness value, the 
display brightness driver 200 may then adjust the display 106 (block 208). 

Alternatively, the ambient light may be fed into circuitry which translates 
the signal into a second signal, corresponding to a display brightness value, 
without using a look-up table. The display brightness value may be fed into 
circuitry which automatically adjusts the brightness of the display 106, without 
using a software program. Other implementations and embodiments are 
possible for performing automatic display brightness adjustment, based upon the 
ambient conditions. 
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Thus, an automatic brightness adjustment, particularly for mobile 
communications and/or information devices, may make products with displays 
easier to use, in some embodiments of the invention. Where ambient brightness 
conditions change, the automatic brightness adjustment responds such that the 
display remains viewable. Where the display draws less power, battery life may 
be conserved. Where a display is adjusted to match ambient conditions, safety 
issues due to eye adjustment may be avoided. 

While the present invention has been described with respect to a limited 
number of embodiments, those skilled in the art will appreciate numerous 
modifications and variations therefrom. It is intended that the appended claims 
cover all such modifications and variations as fall within the true spirit and scope 
of this present invention. 
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